The DS-Nh (DS Non-hair) mouse is a spontaneous hairless mutant of the DS mouse. The inheritance mode of the Nh mutation is autosomal dominant, and the Nh locus is mapped to Chromosome 11. The roles of the Nh mutation in spontaneous dermatitis and IgE hyperproduction were studied using an Nh congenic strain with a genetic background from the BALB/c mouse. In contrast to DS-Nh (Nh/+) mice, BALB/c-Nh (Nh/+) mice under conventional conditions showed a marked increase in serum IgE, without the development of dermatitis. These results suggest that IgE hyperproduction is regulated by the Nh mutation, while other genetic factor(s) are also involved in the development of dermatitis. Key words: dermatitis, DS-Nh mouse, IgE our re-examination using a larger number of animals, however, marked dermatitis with hyperproduction of serum IgE was observed even in the absence of S. aureus under SPF conditions, although the incidence of dermatitis was much lower than in conventional mice [13] . These results suggest that the dermatitis is not triggered by S. aureus infection, but that an IgE antibody-mediated allergic reaction plays a causative role.
our re-examination using a larger number of animals, however, marked dermatitis with hyperproduction of serum IgE was observed even in the absence of S. aureus under SPF conditions, although the incidence of dermatitis was much lower than in conventional mice [13] . These results suggest that the dermatitis is not triggered by S. aureus infection, but that an IgE antibody-mediated allergic reaction plays a causative role.
If that is the case, then genetic analyses of the Nh mutation appear to be necessary to reveal the pathogenesis of the spontaneous dermatitis.
This report deals with the inheritance mode of the Nh mutation, chromosomal location of the responsible gene, and the role of the Nh mutation in the spontaneous dermatitis and IgE hyperproduction. An Nh-congenic mouse strain with a genetic background The DS-Nh (DS Non-hair) mouse [2, 3, 13] is a spontaneous hairless mutant of the DS mouse [11] that has been established as an inbred strain from a closed colony of dd mice at Aburahi Laboratories, Shionogi & Co., Ltd. One unique characteristic of this mutant strain is the development of spontaneous dermatitis under conventional conditions regardless of age or gender. Haraguchi et al. [2] stated that all the mice bred under SPF conditions developed dermatitis by 24 weeks of exposure to a conventional environment. They proposed a hypothesis that Staphylococcus aureus (S. aureus) infection is causally associated with dermatitis, based on their findings that S. aureus could be isolated from the skin lesions, that intranasal infection with S. aureus isolates caused dermatitis, and that dermatitis could not be found in the SPF DS-Nh mouse [2] . In different to that of the DS mouse was used for the latter.
For the breeding study, DS-Nh mice were mated with A/J mice. Phenotype segregation in F 1 and F 2 generations was analyzed by a chi-square test as shown in Table 1 . The Nh phenotype was considered to be regulated by one autosomal dominant mutation. Linkage analyses of the Nh locus were performed with one coat color marker, 12 biochemical markers and one immunological marker: a locus (coat color marker; Chr 2); Idh1, Pep3, Akp1 (Chr 1), Adh3 (Chr 3), Mup1, Ahd1 (Chr 4), Gpi1 (Chr 7), Es1 (Chr 8), Mod1 (Chr 9), Hba, Es3 (Chr 11), Es10 (Chr 14); and H2-D (immunologial marker; Chr 17). Typing methods are described elsewhere [6] . (C57BL/6J x DS-Nh/Nh) F 1 -Nh/+ mice were mated with C57BL/6J mice, and 61 offspring were examined for their phenotypes and genotypes. Markers Hba and Es3 only showed significant linkage with the Nh locus (chi-square test, p < 0.01). Genetic distances between Hba and Nh loci, and between Es3 and Nh loci were 24.6 cM and 23.0 cM, respectively. From the chromosomal positions of Hba (16 cM from centromere) and Es3 (74 cM from centromere) in the Mouse Genome Database [8] , the Nh locus was mapped to the central region of Chr 11. Further genetic studies of the Nh mutation toward a positional cloning of the responsible gene are under progress. A detailed linkage analysis using DS-Nh and NC/Nga mice has revealed that the Nh locus is located proximal to the microsatellite marker D11Mit352 (44 cM [8] ) (unpublished data), suggesting that the Nh mutation is different from the nu mutation (Foxn1 gene, 45 cM [8] ).
For the development of dermatitis, DS-Nh mice should be maintained under conventional conditions [2] . All the mice used in the following study were therefore bred and maintained under SPF conditions [9] at Aburahi Laboratories until 5 to 6 weeks of age, and were then transferred into a conventional environment at Shionogi Developmental Research Laboratories. As an Nh-congenic mouse, a strain with a BALB/c-scid mouse background (BALB/c-scid-Nh mice) has been established at Aburahi laboratories to examine the role of IgE in the development of spontaneous dermatitis. The generations of the congenic mouse in this study were N 13 and N 14 . In a preliminary test, six female mice with scid/scid homozygous and Nh/+ heterozygous genotypes, and 10 female DS-Nh (Nh/+) mice, were maintained under conventional conditions for 24 weeks. All the DS-Nh mice developed dermatitis by 15 weeks of exposure to a conventional environment, but the dermatitis was not observed in the scid/scid homozygote for 24 weeks. Since scid/scid homozygous mice are immune-deficient and cannot produce IgE, the following studies were performed using scid/+ heterozygous mice. The congenic mice were mated with BALB/c mice, and the F 1 hybrids with genotypes of scid/+ and either Nh/+ or +/+ were tested for the occurrence of dermatitis and IgE hyperproduction. The hair-coated F 1 mice with genotypes of scid/+ and +/+ were designated as BALB/c-+/+, while the hairless F 1 mice with genotypes of scid/+ and Nh/+ were designated as BALB/c-Nh mice.
In the first experiment, 10 male and female mice each of BALB/c-Nh (Nh/+) and DS-Nh (Nh/+) were transferred to a conventional environment, and the occurrence of dermatitis was observed for 30 weeks. As illustrated in Fig. 1 , dermatitis was observed in all DSNh (Nh/+) mice around 30 weeks of exposure to a conventional environment, but not at all in BALB/c-Nh (Nh/+) mice. Histopathology revealed marked mono- nuclear cell infiltration accompanied by edema in the dermatitis sites of DS-Nh (Nh/+) mice. These changes are very similar to those described in previous reports [2, 3, 13] . In contrast, no pathological changes were observed in BALB/c-Nh (Nh/+) mice. In the second experiment, DS-Nh and BALB/c-Nh mice were transferred to a conventional environment, and the occurrence of dermatitis was observed for up to 35 weeks. Serum samples were taken at various weeks after the conventionalization ( Table 2 ). The concentration of serum IgE was assessed by ELISA using a commercial kit (YAMASA EIA, Yamasa Corp., Chiba, Japan) as described by Hirano et al. [4] . Increase of serum IgE concentration in DS-Nh (Nh/+) and BALB/ c-Nh (Nh/+) mice was also examined by a reverse passive cutaneous anaphylaxis (RPCA) test as described before [1] . Concentrations of other immunoglobulin isotypes were also determined by a sandwich ELISA using enzyme-labeled monoclonal antibodies to mouse IgG 1 , IgG 2a or IgG 2b (PharMingen, San Diego, CA). The significance of the difference between dermatitispositive and -negative groups was examined by Student's t test.
In dermatitis-positive DS-Nh (Nh/+) mice, every isotype of serum immunoglobulin showed much higher concentrations than in younger (at 6 weeks of exposure to a conventional environment) dermatitis-negative DSNh (Nh/+) mice, as shown in Table 2 . An increase of the concentration was observed only with IgE at 17 weeks of exposure, though dermatitis was still absent at this stage. These results suggest that IgE is involved as one of the causative factors for the development of dermatitis, while increases of the IgG isotypes are events accompanying the dermatitis. Onset of dermatitis was later in the second experiment than in the first experiment. As was suggested in our previous report [13] , some environmental factors appear to influence the onset time.
Also in BALB/c-Nh (Nh/+) mice, the IgE level was as high as that of dermatitis-positive DS-Nh (Nh/+) mice, without dermatitis (Table 2 ). This was confirmed by the rat RPCA test [1] : very strong blueing was provoked at skin sites sensitized with unheated sera from BALB/c-Nh (Nh/+) and dermatitis-positive DS-Nh (Nh/ +) mice. No sensitization was observed with the sera heat-inactivated at 56°C for 30 min, nor with unheated sera from dermatitis-negative young DS-Nh (Nh/+) mice (unpublished data). In contrast to IgE, there was no significant difference in IgG concentrations between hair-coated BALB/c-+/+ and hairless BALB/c-Nh (Nh/ +) mice ( Table 2 ).
The present results suggest that IgE hyperproduction is regulated by the Nh mutation alone, while this mutation and other genetic factor(s) are involved in the development of dermatitis. One possible interpretation for the presence of dermatitis in DS-Nh mice, and its absence in BALB/c-Nh mice, is that the former strain is more susceptible to IgE-mediated allergic reactions than the latter. This speculation is based on our previous finding that DS mice were highly sensitive to IgE antibody-mediated passive cutaneous anaphylaxis in dorsal skin, while BALB/c mice were insensitive [1] . In addition, the DS-Nh mouse, a co-isogenic strain of the DS mouse, was as sensitive as DS mice to this reaction in our preliminary test (unpublished data). Another possible reason for the absence of dermatitis in BALB/ c-Nh mice is the immune-deficient effects of the scid locus (scid/+). Although the inheritance mode of the scid mutation is recessive and similar levels of serum immunoglobulins were produced between DS-Nh mice and BALB/c-Nh mice (Table 2) , the effect cannot be completely denied by this study.
Development of spontaneous dermatitis has also been reported in NC/Nga mice [7] , as in DS-Nh mice. In both strains, the hyperproduction of IgE correlated with the clinical severity of dermatitis under conventional conditions, but neither dermatitis nor IgE hyperproduction occurred under SPF conditions in NC/ Nga mice. Since clinical and histopathological features of the dermatitis in NC/Nga mice are comparable to those of human atopic dermatitis (AD), this strain is now regarded as an animal model for this disease [7, 10] . Although the exact genetic mechanism of dermatitis in this strain is under investigation, Tsudzuki et al. [12] have reported that dermatitis and IgE hyperproduction in NC/Nga mice are regulated by one autosomal recessive mutation (derm), and by two autosomal recessive mutations (ieh1 and ieh2), respectively. Furthermore, it was shown in a recent report [5] that major QTL, which determines the onset of dermatitis (derm1), is located in the middle region of Chr 9. In the present study, our results suggest that the development of the dermatitis in DS-Nh mice is under polygenic control, and one candidate gene (Nh locus) that appears to dominantly control IgE hyperproduction is mapped to Chr 11. However, the relationships between derm and derm1, or among ieh1, ieh2 and Nh remain unknown.
Since the dermatitis in DS-Nh and NC/Nga mice was similarly characterized, we have suggested that the DS-Nh mouse is a possible animal model for human AD [13] . Further studies on the dermatitis in this strain have been in progress, and the pathophysiological and histopathological features of the dermatitis, which are described in another report [3] , strongly support this possibility. Hence, comparative studies on the pathogenesis and genetic control of the dermatitis in these two strains will lead to further understanding of human AD.
